Dedicated to the memory of R. L. Dobrushin on the occasion of his 80'th anniversary For two (or more) interacting classical particles the existing few results (for diffusion or energy transfer, for instance) assume that the mass of one of them -as compared to the other mass -becomes negligible in the limit (cf. [ChD 09]). Here two models are presented for energy transfer in systems with two or more identical hard disks. The first one, a stochastic paradigm for two Lorentz disks, suggests that the joint diffusive limit of two disks is the mixture of independent pairs of Wiener processes ( [P-GySz 09]. In the second one it is shown that in a quasi-1D mechanical chain of localized hard disks -in the scaling of [GG 08] -the limit for the energies of the disks is a n. n. interacting Markov process ( [SzT 09]. This latter result should open the way toward a rigorous derivation of Fourier law of heat conduction for a deterministic particle system.
Introduction
In the last decade the theory of hyperbolic billiards got enriched with highly efficient methods, for instance by LS Young (towers, Consequently, it became possible to achieve essential steps toward the main goal of statistical physics: the derivation of macroscopic behavior from microscopic laws, for example, in the study of diffusion or Fourier's law of heat conduction. For two (or more) interacting particles, however, so far there has been no results except when the mass of one of them -as compared to the other mass -becomes negligible in the limit (cf. [ChD 09]). Here we present results in both of the aforementioned questions of physics which treat or are motivated by the dynamics of Lorentz disks of equal masses: 2D models of elastic disks moving among periodic scatterers. In both of them energy transfer is at the heart of the problem.
Diffusive limit of two Lorentz disks
For simplicity consider two moving disks of radii ρ among a periodic configuration of disjoint circular scatterers. Assume the scatterer configuration has finite horizon and ρ is so small that the disks can move unboundedly. For understanding the joint limit of the two disks in the diffusive scaling, we present a stochastic model. 
In our stochastic model the motions of the two particles are independent RWwIS's unless the two particles occupy the same lattice point. Let ξ i t = (η i t , ε i t ), i = 1, 2 be two RWwIS with the same kernels but different rates λ 1 , λ 2 which only change their values in the moments of collisions. Whenever η 1 t = η 2 t , the joint generator of the two Markov processes is the product of the two individual generators (modeling two independent Lorentz processes).
Next we define the collision interaction. Whenever
is the collision kernel. We assume that C satisfies conservation of energy:
(momentum is not conserved since the collision kernel contains averaging over normal of impact). We can and do assume that (v 1 ) 2 + (v 2 ) 2 = 1. Therefore the state space of the two particle process is isomorphic to For every initial distribution of (ξ 1 0 , ξ 2 0 ), the density function of the weak limit law of (
, ε 2 t ) exists and is equal to
where
the outgoing stationary distribution of the speed of the first particle in the collision Markov chain, ρ is the stationary density of the internal states on S of the component RWwIS's.
We note that in earlier models of joint motion of two identical particles the diffusive limits of the two motions were either independent or got glued together (cf. The underlying fact is that, in the limit ε → 0, the disk chain becomes an uncoupled system of Sinai billiards. In other words, by denoting the wall collision rate by ν wall,ε (i. e. for the collisions of the disks with the fixed boundaries of the domain) and the binary collision rate by ν bin,ε (i. e. that of the inter-disk-collisions), one has a separation of time scales since as ε → 0, ν wall,ε (∼ ν wall,crit > 0) ν bin,ε → 0. Though the original N-disk system is a semi-dispersing billiard in a 2N − 1-dimensional configuration space, in the given small coupling limit most of the time the disks evolve according to uncoupled, 2D dispersing billiard dynamics. Thuson the time scale ν 
1).
In other words the intercollision times for binary collisions are asymptotically exponential where the rate of the exponential clock depends on the energies of the disks. It is also worth mentioning that in the case N = 2 ν bin,ε ∼ const ε 3 .
Idea of proof.
• since binary collisions are rare, most of the time the two disks evolve independently • between two binary collisions -with an overwhelming probability -there is averaging in each of the in-cell, 2D billiard dynamics • for these typically long time intervals it is natural to apply the Chernov • (E 1 (ν bin,ε t) 
